Glucose served as an exogenous energy source for sporulation when a limited amount was fed continuously. Excess The design of the experiments for restricted growth was the continuous feeding of glucose to a culture containing all other nutrients essential for growth (1). A basal medium previously described (3) was modified to include 1.0 mg of thiamine, 0.001 mg of biotin, and 0.02 mg of paraaminobenzoic acid per liter. An inoculum from a peabroth stock culture was activated by subjecting it to three successive transfers at 3-hr intervals by using ca. 107 cells as the inoculum. Cells were then grown anaerobically at 56 C in tubes (65 by 500 mm) containing 700 ml of the basal medium lacking glucose, and were agitated with oxygenfree nitrogen gas. Usually the inocula consisting of 10 ml of the active culture carry over enough of the limiting carbon source to permit unrestricted growth to an optical density of approximately 0.1 at 600 nm. By checking growth at short intervals, it was possible to find the point of substrate exhaustion, and the feeding of the limiting carbon source was started immediately. A sterile solution of 0.1% glucose was added through Tygon tubing (Y32-inch inner diameter) at a constant rate, using a Cole-Parmer model 7119-3 tubing pump. The rates of feeding were ca.
Earlier investigations indicated that the readily utilizable substrates such as glucose were direct antisporulation factors for Clostridium thermosaccharolyticum (3) . A regulatory effect of glucose metabolism on sporulation was further suggested by repressed levels of the hexose monophosphate pathway enzymes in glucose-grown cells (2) . Hence, if the effect of glucose is to suppress spore formation in this organism, then cultures with a limiting concentration of glucose might be expected to be less affected. To test this concept of catabolite repression, a culture of C. thermosaccharolyticum was grown in a continuous-feeding apparatus with glucose as the limiting substrate. This new approach of restricted growth gave rise to a reasonably synchronous sporulation under carefully adjusted physiological conditions.
The design of the experiments for restricted growth was the continuous feeding of glucose to a culture containing all other nutrients essential for growth (1) . A basal medium previously described (3) was modified to include 1.0 mg of thiamine, 0.001 mg of biotin, and 0.02 mg of paraaminobenzoic acid per liter. An inoculum from a peabroth stock culture was activated by subjecting it to three successive transfers at 3-hr intervals by using ca. 107 cells as the inoculum. Cells were then grown anaerobically at 56 C in tubes (65 by 500 mm) containing 700 ml of the basal medium lacking glucose, and were agitated with oxygenfree nitrogen gas. Usually the inocula consisting of 10 ml of the active culture carry over enough of the limiting carbon source to permit unrestricted growth to an optical density of approximately 0.1 at 600 nm. By checking growth at short intervals, it was possible to find the point of substrate exhaustion, and the feeding of the limiting carbon source was started immediately. A sterile solution of 0.1% glucose was added through Tygon tubing (Y32-inch inner diameter) at a constant rate, using a Cole-Parmer model 7119-3 tubing pump. The rates of feeding were ca. 1.0 to 1.1 ml/hr, resulting in a dilution rate of less than 0.2%/hr. Samples were then removed at intervals for measurements of cell mass, spore count, and pH.
For unrestricted growth, one set of batch culture was grown under identical conditions, except that all nutrients including glucose were added in excess. Another culture served as the starvation control receiving no exogenous energy source. The short lag in growth curve reported by Lee and Ordal (2) was eliminated by using an anaerobic dispensing device (4) for each transfer of inoculum and harvesting.
The time course of growth and sporulation resulting from the slow continuous feeding of the small amount of glucose is given in Fig. 1 . Under J. BACrERIOL. this test system, the majority of cells started elongation as soon as the culture was shifted to the continuous feeding of glucose. The first sign of sporulation (swelling) was then observed (phase contrast) in about 4 hr. The sporulation process continued for about 35 hr, until a maximum number of sporangia (35%) was reached (curve C). It is important to note that increase in optical density (curve A) was due to elongation (3) of individual cells without appreciable cell division, since the corresponding cell count in the first part of curve B was constant. After the initial period of unrestricted growth, the rate of decrease in pH was reduced substantially, and pH remained essentially constant during sporulation. Probably the utilization of the carbon source was shifted to a new pattern where the steady-state concentration of catabolites favored sporulation. Additional experiments with various initial pH values (5.5 to 7.0) did not cause a noticeable change in the degree of sporulation.
No spores were found in the batch culture or the starved culture. These results, therefore, are consistent with the possibility that the sporulation process was under catabolite repression and that limiting the glucose availability reverses this repression. However, the absence of endotrophic sporulation in C. thermosaccharolyticum implies that sporulation is not a response to starvation. This is in marked contrast to the aerobic bacilli in which sporulation can be induced in distilled water and the sources for synthesis of spore material can be exclusively endogenous.
